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Abstract
Background
The mortality rates of older people changes with the seasons. However, it has not been
properly investigated whether the seasons affect medical care expenditure (MCE) and insti-
tutionalization. Seasonal variation in MCE is plausible, as MCE rises exponentially before
death. It is therefore important to investigate the impact of the seasons on MCE both medi-
ated and unmediated by mortality.
Methods
Data on mortality, MCE and institutionalization from people aged 65 and older in a region in
the Netherlands from July 2007 through 2010 were retrieved from a regional health care
insurer and were linked with data from the Netherlands Institute for Social Research, and
Statistics Netherlands (n = 61,495). The Seasonal and Trend decomposition using Loess
(STL) method was used to divide mortality rates, MCE, and institutionalization rates into a
long-term trend, seasonal variation, and remaining variation. For every season we calcu-
lated the 95% confidence interval compared to the long-term trend using Welch’s t-test.
Results
The mortality rates of older people differ significantly between the seasons, and are 21%
higher in the winter compared to the summer. MCE rises with 13% from the summer to the
winter; this seasonal difference is higher for the non-deceased than for the deceased group
(14% vs. 6%). Seasonal variation in mortality is more pronounced in men and people in resi-
dential care. Seasonal variation in MCE is more pronounced in women. Institutionalization
rates are significantly higher in the winter, but the other seasons show no significant impact.
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Conclusions
Seasonal changes affect mortality and the level of MCE of older people; institutionalization
rates peak in the winter. Seasonal variation in MCE exists independently from patterns in
mortality. Seasonal variation in mortality is similar for both institutionalized and community-
dwelling elderly. Policy-makers, epidemiologists and health economists are urged to
acknowledge and include the impact of the seasons in future policy and research.
Introduction
Developed countries are faced with ageing populations and increasing health care expenses.
Investigating the determinants of health care expenditure in the older population is therefore
of high importance. Many epidemiological studies show that there is seasonal variation in mor-
tality [1–16], but whether medical care expenditure (MCE) also shows seasonal variation has
not been formally investigated. Since individual levels of MCE rise steeply prior to death
[17–22], it seems only logical that—as a direct result of seasonal variation in mortality—there
is seasonal variation in MCE. However, the level of MCE may also change with the seasons due
to changes in non-fatal forms of morbidity. It is therefore tempting to study seasonal differ-
ences in older people’s health also by focusing on changes in health care utilization and expen-
diture separately for individuals who died and those who survived.
It has been found that mortality rates in the older population rise during winter time in
Europe [8–10, 16], the US [6], and low and middle income countries [5, 12], and New-Zealand
[4]. Summers are also associated with higher mortality rates [2, 3, 6, 11]. A very recent multi-
country investigation shows that mortality rates gradually increase with colder temperatures,
but also show a sudden increase when excessive heat occurs [7]. Many different factors are
thought to mediate the association between ambient temperature and morbidity and mortality,
such as changes in the risk cardiovascular events [23, 24], susceptibility to infectious diseases
[14, 25, 26], and the risk of incurring a hip fracture [27]. The occurrence of more strokes and
hip fractures during cold seasons implies that the demand for institutional care is higher during
these seasons. Some studies find that the effect of seasonal variation is more prominent in
women than men [4, 9, 16]. Socioeconomic differences did not influence the associations [8, 15].
Here, we study the effect of the seasons on MCE and institutionalization (viz., admittance to
a care or nursing home). We aim to answer two research questions: (1) is there seasonal varia-
tion in mortality rates, medical care expenditure (MCE), and institutionalization rates (admis-
sion rates to care and nursing homes) in Dutch people aged 65 years or older?; and (2) does
seasonal variation in mortality rates, MCE and/or institutionalization rates differ between sub-
groups, based on gender, age, vital status (close to death or not), and residential status (institu-
tionalized vs. community-dwelling)? We use the ‘STL decomposition method’ to detect a
possible seasonal variation in the different measures. This method divides the data into a long-
term trend, seasonal variation around the long-term trend, and ‘remaining’ variation. For the
second research question we divide the study population into different subgroups.
Methods
The Dutch health care system
Health care in the Netherlands can be separated into two main sectors: medical care and long-
term care. Medical care refers to consultations, medication and treatment from general
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practitioners, medical specialists, dentists, pharmacists, and therapists (such as physiothera-
pists and psychotherapists). Some forms of instrumental aid and transportation are also pro-
vided through the medical care sector. In the studied time period, health care providers bill
health care insurers in the form of diagnosis related groups. Medical care is legally arranged
through the Health Insurance Act (HIA).
Long-term care in the Netherlands is legally arranged through the Exceptional Medical
Expenses Act (EMEA). Entitled to care through the EMEA are people who cannot provide in
their basic care needs independently due to a physical, psychogeriatric or psychiatric ailment,
or a mental, physical or sensorial handicap. Before someone may receive long-term care
through the EMEA, the Center for Indication Setting has to evaluate the client’s health status
and issue an official indication. When an indication is set for a client, the actual provision of
long-term care is arranged by so-called care offices. After an indication is set, the care office
appoints a health care provider for a client, or distributes a personal budget. The health care
insurer who has the highest share of clients in a region acts as the care office for that region.
Indications for residential care are defined in type and level (hours per week). Since July 1st
2007, residential care is indicated in terms of Care Weight Packages (CWPs). CWPs are pre-
defined bundles of care, consisting of different types of long-term care on different levels, com-
plemented with residence. From July 2007 through December 2010, residential care was cate-
gorized into ten CWPs: the first four relate to different types of residential care in care homes,
the second four to nursing homes, the 9th to rehabilitation, and the 10th to palliative care.
Ethics statement
After consulting the internal review board (IRB) of the regional health insurer, data on health
care expenditure were retrieved from a health insurer. A formal waiver of IRB approval was
received from Statistics Netherlands (Centraal Bureau van de Statistiek) for data collection.
After consulting the IRB of Statistics Netherlands, a single transfer of data from the health
insurer to Statistics Netherlands was undertaken over a secure line. A formal waiver was
received by the IRB of Statistics Netherlands. After the data transfer, the Statistics Netherlands
first removed any personal data. The leading author could then only access the de-identified
data in a secured room of Statistics Netherlands. The authors had no access to identifying
information. Any output destined for publication was first scrutinized by the IRB of Statistics
Netherlands, so no output could be traced back to individuals. No data are publicly available.
Data collection and analysis was in full accordance with privacy legislation and protocol.
Data
With the aim to perform multiple studies on the association between the life situation of older
people and their health care expenses, the Leiden Health care Costs in Old Age (LHCOA) study
was started in 2011. For this study, data on health care expenses of 61,495 people aged 65 and
older in a period of 42 months were retrieved from a regional Dutch health insurance company
(Zorg & Zekerheid) and matched with data on socio-economic characteristics from Statistics
Netherlands. Data were collected using the following steps:
1. After consulting the IRB (legal department) of the regional health insurance company, data
on MCE were retrieved from the management information system of the health insurance
company. Data were collected for the period July 2007 through 2010 for all persons who
lived in the regions where the health care insurer acted as the long-term care office, and who
reached the age of 65 before 2011. Addresses were linked with data on socio-economic sta-
tus by postal code, provided by the Netherlands Institute for Social Research (Sociaal Cul-
tureel Planbureau).
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2. In accordance with the IRB of the health insurance company, data on long-term care utiliza-
tion were collected from the EMEA Care Registration system (ECR), an information system
which offers an oversight of all the coded messages that are sent between organizations
active within the confounds of the EMEA. ECR messages designating the start and end of
long-term care provision were used to determine whether a client was institutionalized.
Institutionalization rate was defined as the admission rate to care and nursing homes.
3. After consulting the IRB of Statistics Netherlands a single transfer of data from the health
insurer to Statistics Netherlands was done over a secure line. CBS staff merged the data
using citizen service numbers and dismissed any personal data afterwards. The authors
could then only access the de-identified data in a secured room of Statistics Netherlands.
The authors had no access to identifying information. Any output destined for publication
was first scrutinized by the IRB of Statistics Netherlands, so no output could be traced back
to individuals. Data collection and analysis was in full accordance with privacy legislation
and protocol. Socio-demographic variables collected at Statistics Netherlands were: age,
gender, marital status, and time of death.
The total study population of the LHCOA study (n = 61,495) was used to investigate the
association between the seasons and mortality, medical care expenditure (MCE) and institu-
tionalization rate. If an association between seasonal change and mortality as well as MCE is
found, it will be unclear whether the association with MCE is mediated by mortality in combi-
nation with the high costs of dying, or whether there is a direct association between seasonal
changes and MCE. Therefore, the total study population was divided into two groups: subjects
who died before 2012 (n = 9,202), and those that survived until 2012 (n = 52,293). If an associa-
tion between seasonal changes and MCE exists in the survivor group, there is evidence for a
direct association, unmediated by mortality rates and the costs of dying.
Besides splitting up the study population into a deceased and non-deceased group, we also
separated subgroups on the basis of age, gender, and residential status. We divided the popula-
tion in community-dwellers and institutionalized subjects to further investigate the link
between mortality and outside temperature. Institutionalized subjects were admitted in a care
home or nursing home and were therefore predominantly or even exclusively exposed to a con-
stant inside temperature. If there is also seasonal variation in mortality for the institutionalized,
it is plausible that seasonal variation is caused by other factors than temperature alone.
Statistical analysis
Seasons represent three-monthly periods. In the Netherlands, the winter season officially starts
on December 21st and ends on March 20th. Therefore, winter data were defined as January,
February and March. Spring, summer and autumn were defined using the subsequent three
monthly periods.
The Seasonal and Trend decomposition using Loess (STL) method was used to analyse sea-
sonal variation in mortality risk, MCE, and institutionalization rate. The STL method decom-
poses longitudinal data into a long-term trend, seasonal variation, and remaining variation
that does not stem from the long-term trend or from seasonal variation [28]. The long-term
trend in the STL method reflects an array of possible external factors that gradually change
over time, such as higher average ages, an increased risk of widowhood, changes in health care
policy, and inflation. Our aim is to find whether seasonal changes are a significant component
in the actual data. For every season we calculated the 95% confidence interval compared to the
long-term trend using Welch’s t-test. The R statistical programming language was used for the
STL decomposition.
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Results
Table 1 shows the characteristics of the study population. The study population includes
61,495 subjects aged 65 years and older, with an average individual follow-up of 35.7 months.
Socio-demographic characteristics are shown for the first month of follow-up. Also shown is
the number of deaths and institutionalizations during follow-up.
Fig 1 visualizes the number of deaths, the level of medical care expenditure (MCE), and the
number of institutionalizations of the study population, as well as the long-term trends and
seasonal cycles around the long-term trends of these variables.
The long-term trend is portrayed with a dotted red line, and the seasonal cycles around the
long-term trend are shown with a solid black line. There is a strong long-term trend in institu-
tionalization rate (panel C) between autumn 2007 and autumn 2011. The number of institu-
tionalizations per 10,000 persons for every season rises from 46 in the summer of 2007 to 75 in
the winter of 2009. Hereafter, the number slowly decreases towards 62 institutionalizations per
10,000 persons in the autumn of 2010.
Fig 2 shows the seasonal variation for mortality rates (panel A), MCE (panel B), and institu-
tionalization rates (panel C). The figure expresses the absolute difference from the long-term
average. The average of all years and seasons is set at zero with the corresponding confidence
interval as a coloured band. When the point estimate of the seasonal component is outside this
confidence interval, it is significantly different from the long-term trend. Visible from Fig 2 is
that all seasonal means differ significantly from the long-term trend for mortality and MCE.
Institutionalization rates only differ significantly from the long-term average during the winter
period.
The average number of deaths (Fig 2, panel A) in every season (all three months) was 96 per
10,000 persons from July 2007 through 2010 according to the long-term trend. On average,
there are 9 more deaths per 10,000 population in all three months of the winter period (+9%).
Table 1. Characteristics of the study population.a
n (%)
All subjects 61,495
Gender
Men 24,904 (41)
Women 36,591 (59)
Age
65–79 49,438 (80)
80+ 12,057 (20)
Marital status
Married 35,082 (57)
Not married 26,413 (43)
Residential status
Community-dwelling 61,130 (99)
Institutionalized 365 (1)
During follow-upb
Deceased 7,040 (11)
Institutionalized 7,223 (12)
a Data on these characteristics refer to the ﬁrst month of follow-up.
b Average individual follow-up is 35.7 months.
doi:10.1371/journal.pone.0143154.t001
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Fig 1. The number of deaths (panel A), level of medical care expenditure (B) and number of institutionalizations (C) in a cohort of Dutch older
people. The raw data are decomposed into a long-term trend (red dotted line), and the seasonal variation, or “cycle”, around the long-term trend (black line).
Results are from the Seasonal and Trend decomposition using Loess (STL) method.
doi:10.1371/journal.pone.0143154.g001
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Fig 2. Seasonal variation in mortality (A), medical care expenditure (B) and institutionalizations (C).
Shown are the long-term trend and seasonal cycles around the long-term trend according to the Seasonal
and Trend decomposition using Loess (STL) method. The dotted line represents the long-term trend, which is
set to 0. The colored band around 0 expresses the 95% confidence interval of the long-term trend. The four
point estimates in each panel form the mean difference from the long-term trend for each season. When the
point estimate of the seasonal component is outside this confidence interval, it is significantly different from
the long-term trend.
doi:10.1371/journal.pone.0143154.g002
Seasonal Variation in Mortality, MCE, and Institutionalization
PLOS ONE | DOI:10.1371/journal.pone.0143154 November 16, 2015 7 / 14
Similarly, per 10,000 population there are 4 less deaths in the spring (–4%), 9 less in the sum-
mer (–9%), and 4 more in the autumn (+4%). Therefore, the average number of deaths per
10,000 population was 87 in the summer and 105 in the winter. Relatively, the number of
deaths in older people is thus 21% higher in the winter than in the summer.
Panel B of Fig 2 shows that MCE is also higher in the autumn and winter than in the spring
and summer. Average MCE per person was €1,231 per season (all three months) in the studied
time period (based on the long-term trend). Expenditure per person was €79 above this average
in the winter (+6%), €24 lower in the spring (–2%), €76 lower in the summer (–6%), and €23
higher in the autumn (+2%). Consequently, seasonal MCE rises with 13% from the summer to
the winter (€1,155 vs. €1,310 per person).
The average number of institutionalizations was 65 per 10,000 persons in the study period.
Only the institutionalization rate in the winter differs significantly from the long-term trend,
when, on average, 6 more older people are institutionalized per 10,000 population. Conse-
quently, there is a rise of 9% in institutionalizations in the winter compared the long-term aver-
age, and, since the institutionalization rate in the summer equals the long-term average, it is
also 9% higher when comparing the winter to the summer (71 vs. 65 per 10,000 persons). The
autumn is characterized by the lowest number of institutionalizations.
In Table 2, the specific data are shown for the mortality rates, MCE, and institutionalization
rates for the total study population (described above), as well as for subgroups based on gender,
age, residential status and vital status. Visible in Table 2 is that for both the deceased and non-
deceased subgroup, MCE is higher in the autumn and winter and lower in the spring and sum-
mer. Average MCE was €1,022 per season for individuals surviving, and expenditure was €62
above this average in the winter (+6%), €14 lower in the spring (–1%), €69 lower in the summer
(–7%), and €20 higher in the autumn (+2%). Consequently, MCE for the non-deceased group
is 14% higher in the winter than in the summer (€1,084 vs. €953). In contrast to all the other
subgroups, the lowest level of MCE in the deceased group is not reached in the summer, but in
the spring. Seasonal variation is less pronounced in the deceased group: MCE is 6% lower in
the summer than in the winter for individuals in their last year before death (€4,385 vs.
€4,137), and 7% lower in the spring (€4,385 vs. €4,102).
There is greater seasonal variation in the mortality of men than that of women: the male
mortality rate is 26% higher in the winter than in the summer, and this difference is 16% for
women. In contrast, seasonal changes in MCE are more prevalent for women than for men:
MCE is 16% higher in the winter than in the summer for women, and this difference is 10% for
men. There is not much difference between the two age groups concerning seasonal variation
in mortality rates, MCE and institutionalization rates. However, seasonal variations are slightly
more concentrated in a winter peak for the older patients, and more dispersed throughout the
seasons for younger patients.
There is seasonal variation in mortality rates for both community-dwelling and institution-
alized subjects. For community-dwellers mortality rates differ significantly from the long-term
trend in all the seasons. The average number of deaths per 10,000 persons was 67 in the sum-
mer and 81 in the winter, meaning the number of deaths are 21% higher in the winter com-
pared to the summer. With 27%, this difference between the winter and summer is higher for
those who were institutionalized. For them, mortality rates differ significantly from the long-
term trend in the winter and summer only.
Institutionalization rates are consistently lowest in the autumn and highest in the winter,
regardless of which subgroup is considered. The size of the relative differences between the
autumn and the winter are also similar across subgroups: the lowest difference is 13%, found in
males and those aged 80 years and older, while the highest difference is 17%, found in those
aged younger than 80 years.
Seasonal Variation in Mortality, MCE, and Institutionalization
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Discussion
We find that older people die more in the winter and autumn than in the spring and summer.
Furthermore, their average level of MCE is considerably higher in the winter than in the spring
and summer, and their risk of institutionalization peaks in the winter. Seasonal variation is
stronger for men than women, but rather similar between age groups, deceased and non-
deceased subjects, and institutionalized and community-dwelling elderly.
Interpretation of results
Previous studies already showed that mortality in the older population is associated with the
seasons [1–16], but seasonal variation in MCE is a novel finding. The changes in mortality,
MCE and institutionalization suggest that older people’s health is affected by the seasons. It has
been found that health is affected by harsh climate conditions, such as cold temperatures [1, 2,
4, 7–10, 12, 13, 15, 16] and heat waves [2, 3, 6, 7, 9, 11–13]. In contrast to some of these studies,
we did not find increased mortality rates during the summer. Higher mortality rates in the
summer are related to extremely hot temperatures, mainly during heat waves. Extreme hot
temperatures are not common in the Netherlands, and, when they occur, usually last only sev-
eral days.
Different biological pathways could underlie the influence of ambient temperature on older
peoples’ health. For example, it has been found that colder temperatures are associated with
increased blood pressure [29, 30], higher blood-clotting activity [31], and decreased lung func-
tion in COPD patients [32]. In contrast, very warm temperatures can also cause physical prob-
lems. For example, the thermoregulatory function and heart rate variability of older people
decrease during extremely warm days [33, 34]. We could not measure whether temperature
had a strong influence on mortality, MCE and institutionalization as the time frame of our
study is too short for this purpose. Also, the data points in our data represent months and quar-
ter years, not days, making the data too crude to investigate this properly. The finding that the
mortality rates of institutionalized elderly changes with the seasons suggests that outside tem-
perature may not even play a major role in the seasonal variations found in this study, as the
institutionalized elderly are subjected to relatively constant inside temperatures.
Besides ambient temperature, there are many different season-dependent factors that poten-
tially affect population health. First, it is possible that flu underlies seasonal variation in mortal-
ity and MCE, as prevalence rates of flu are higher in the winter, and institutionalized people are
also—or even more—susceptible to flu compared to those in the community setting [35]. Sec-
ond, snow and ice may increase the risk of falls and resulting fractures, especially in older peo-
ple in the community setting [26]. Third, studies have shown that sunlight has a positive effect
on health, such as pain after spinal surgery [36], and length of stay and survival after myocar-
dial infarction [37]. Fourth, the level of air pollution shows an association with seasonal
changes, and air pollution has an important impact on health outcomes, such as mortality [38],
stroke [39], diabetes [40], mental health [41, 42], and even atherosclerosis [43]. Fifth, there is
evidence that atmospheric pressure and humidity also affect population health [44, 45]. Sixth,
and finally, it is possible that the demand and supply of outpatient care is lower during the
summer due to the summer holidays of clinicians and patients, also leading to lower expendi-
ture levels in this season. However, if this would be a major cause of the found seasonal varia-
tion in MCE, it would be more plausible that MCE is highest in the autumn, and not in the
winter, because outpatient care would peak after the summer holidays.
A higher prevalence of flu in the winter, as well as reduced hours of sunlight, may explain
why older people in residential care also show seasonal variation in their mortality rates. Our
analysis shows that men suffer more from seasonal changes than women, which stands in
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contrast to other findings [3, 8, 15]. It is unclear why our results differ from these previous
findings, but it is possible that our study population shows discrepancies with those used in
previous studies.
There are different explanations for the winter peak in institutionalizations. First, it is possi-
ble that climate conditions drive up the demand for long-term care. In this case, an exacerba-
tion of chronic illnesses in the winter could stimulate elderly patients or their family to choose
for more intensive long-term care. Second, it is possible that higher mortality rates in the win-
ter drive up the supply of long-term care. In other words, a higher number of deaths results in
a higher number of vacancies, and, consequently, a higher rate of institutionalizations if care
and nursing homes are functioning at full capacity. Third, although small changes in long-term
care policy took place from July 2007 through 2010 –some specific types of home care were
abolished—it is implausible that these changes caused a peak in institutionalizations in the
beginning of each year.
Strengths and weaknesses
The existence of seasonal variation in MCE, both close to death as well as independent from
impending death, and institutionalization is a novel finding. For the purpose of our analysis,
we were able to analyse data on a large study population, which could be separated into several
subpopulations, and we used an advanced statistical method to disentangle seasonal variation
from a long-term trend and other variation. However, the time period over which we could
perform our analysis was rather short (three and a half years). Because, in addition, the data
pertained to monthly or quarterly averages, we could not assess the proportional impact of flu,
snow and ice, air pollution, sunlight, ambient temperatures, or other climate conditions on
mortality, MCE and institutionalization. Another issue pertains to the representativeness of the
study population. The study population consists of clients from one health insurer within spe-
cific regions of the Netherlands. Although the study population is quite comparable to the
Dutch population aged 65 and older in terms of gender and marital status, the number of peo-
ple aged 80 and older in the study population was relatively low (20% vs. 26.5%) [46]. We
could not ascertain how representative our study population was in terms of other
characteristics.
Implications and future research
We performed this study for three reasons: (1) to make policy-makers aware of the impact the
seasons can have on the health of older people (if any), as well as the collective health care bud-
get; (2) to show epidemiologists and health economists if and how much the seasons affect
MCE and institutionalization rates; and (3) to find out if specific patients groups are more at
risk during certain seasons—in this case policy-makers and clinicians will know which patient
groups will most likely benefit from targeted interventions.
If the findings from our analysis of the older population in this region of the Netherlands
are translated to the entire older Dutch population in 2012 –with a size of ±2.7 million—they
would imply that there were 6,880 more deaths amongst older people in the Netherlands in the
autumn and winter than in the spring and summer [46]. In addition, MCE of older people
were 630 million Euros higher in the cold than the warm seasons in 2012. For epidemiologists
and health economists, it is imperative to acknowledge the possible existence of seasonal varia-
tion in their data, and include variables representing seasonal variation when performing longi-
tudinal or time series analyses. Policy-makers and health care insurers should be aware of the
seasonal differences in MCE and institutionalization to be able to effectively allocate resources
in the budgets under their control.
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Furthermore, seasonal variation in mortality rates and medical care expenditure could war-
rant policy changes that could benefit older people and/or decrease the expenditure levels. The
finding that institutionalized elderly have a more pronounced seasonal variation in mortality,
show that these people may benefit from programmes targeting health care workers’ vaccina-
tion or hygiene, improving sunlight exposure or vitamin D status, or promoting better climate
control in residential care facilities. To prevent increased levels of MCE or deaths of commu-
nity-dwellers in the colder seasons, it is of primary importance that we understand which cli-
mate conditions impact their health, and through which biological pathways.
Further investigations into seasonal changes in health, MCE and mortality should prefera-
bly use daily data over a long period in time, and include many different variables, such as
ambient temperature, flu prevalence, sunlight hours, air pollution, atmospheric pressure, and
humidity. Furthermore, including data on the types of illness or causes of death could disclose
which biological pathways are mainly associated with seasonal changes in health and
expenditure.
Conclusions
Seasonal changes affect the mortality risk and level of medical care expenditure of older people;
both outcomes are highest in the winter and lowest in the summer. Institutionalization rates
peak in the winter. Seasonal variation is stronger for men than women, but similar between age
groups. Changes in outside temperature cannot solely explain the seasonal variation in mortal-
ity because seasonal variation in mortality is similar for institutionalized and community-
dwelling elderly. Also, seasonal variation in mortality cannot solely explain the variation in
medical care expenditure, because the seasonal variation in medical care expenditure is present
in the deceased and non-deceased population. Policy-makers, epidemiologists and health econ-
omists are urged to acknowledge and include the impact of the seasons in future policy and
research. In a time where many countries are faced with population ageing, it is imperative that
we gain insight into the causes of seasonal-dependent health deterioration as well as the best
clinical means and policy measures to improve the health of older people.
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